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Abstract 
Awkward working posture at the trunk, neck and shoulders may be caused by a number  of factors, including: workstation 
layout, visual demands  of the job, design of equipment  and tools, and work methods.  Because awkward posture is a recognized risk 
factor for the development of fatigue, discomfort, a n d / o r  disability, the elimination or reduction of awkward work posture is a 
major objective of many workplace ergonomic programs. 
A longitudinal study was under taken in a large automotive corporation to evaluate the effectiveness of  a participative 
un ion-management  program in reducing work-related musculoskeletal injuries and disorders, including those caused by awkward 
postures. Following a one-week training program, plant personnel used checklists to evaluate posture on 335 jobs in selected 
depar tments  at four participating plants. The results of these evaluations were used to develop an intervention program in each 
plant for controlling awkward postures. To evaluate the effectiveness of the intervention programs, a subset of 151 jobs was tracked 
by an independent  team of university-based ergonomists who performed comprehensive posture analyses at six-month intervals. 
The independent  evaluation found that the labor-management  teams were generally effective in reducing awkward postures at 
the trunk and shoulders. There were significant decreases in the time spent  in awkward trunk and shoulder postures as a result of  
interventions that were implemented during the study. However, the teams were not effective in controlling neck postures as the 
frequency of awkward neck postures actually increased over the course of the study. 
Most of the successful intervention projects involved modifications to workstation layout in order to reduce or eliminate low, 
far, or overhead reaches associated with awkward trunk and shoulder postures. Interventions that required changes in product 
design or major changes in manufactur ing processes were generally not observed during the monitoring period. 
Relevance to industry 
Awkward working postures can lead to discomfort or injury. This study evaluates the effectiveness of a joint, plant-level 
labor-management  program in controlling worker exposures to awkward postures. 
Keywords 
Awkward posture; participative ergonomics; ergonomic intervention programs; job analysis. 
Introduction 
Working posture and health 
Awkward postures have been associated with a 
variety of work-related diseases, injuries, and syn- 
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dromes that range in severity from temporary 
fatigue and discomfort to serious occupational 
disability. In this paper, we evaluate the effective- 
ness of a joint-labor management program in 
correcting working conditions that cause awkward 
postures at the trunk, neck, and shoulders. 
A positive relationship between awkward trunk 
posture and the development of fatigue and mus- 
culoskeletal disorders has been demonstrated in 
several recent investigations. Laboratory studies 
have shown that trunk flexion, lateral bending, 
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a n d / o r  axial twisting increase biomechanical 
stresses on the spinal muscles and intervertebral 
discs (Andersson et al., 1977; Schultz et al., 1982) 
and may contribute to substantial levels of local 
muscle fatigue (Chaffin, 1973). A case study of a 
spot-welding operation found a positive associa- 
tion between awkward trunk posture and fa- 
t igue/ reduced productivity (Corlett and Bishop, 
1976). Punnett et al. (1991) found significant as- 
sociations between back pain and trunk f lexion/  
twisting in an epidemiological study of autowork- 
ers. Back pain has also been associated with 
occupations that require prolonged sitting (Kelsey 
and Hochberg, 1988). 
Prolonged or repeated elevation of the upper 
arm (shoulder flexion a n d / o r  abduction) has been 
associated with extreme shoulder fatigue and dis- 
comfort in laboratory and field studies (Chaffin, 
1973; Hagberg, 1982; Kilbom et al., 1986). Epi- 
demiological studies have found increased re- 
ports of disorders such as shoulder tendinitis and 
thoracic outlet syndrome on jobs that require 
repeated or prolonged shoulder elevation or ex- 
tension (Feldman et al., 1983; Hagberg, 1984). 
Biomechanical models have shown that ex- 
treme neck flexion may cause large load moments 
at the C7-T1 spinal segment (Harms-Ringdahl et 
al., 1986). In laboratory and field studies, neck 
flexion has been shown to be related to neck pain 
as a function of the angle of flexion, the time 
spent with the neck flexed and the number of 
flexions per hour (Hunting et al., 1980; Kilbom et 
al., 1986; Harms-Ringdahl and Ekholm, 1986). 
Extension, lateral bending, and axial twisting at 
the neck have been associated with both neck and 
shoulder discomfort and disorders (Van Wely, 
1970; Tola et al., 1988). 
Correcting awkward work postures 
Working posture is determined by the interac- 
tion of many factors in the workplace. Features of 
workstation layout such as the height, location, 
orientation, and horizontal reach requirements of 
benches, conveyors, machine control devices, and 
storage containers determine how a worker must 
position the body when performing a task. Low or 
extended reaches may involve significant trunk 
flexion while lateral reaches may require axial 
twisting (Corlett and Bishop, 1976; Grandjean, 
1985; Keyserling et al., 1988). High or far reaches 
may involve significant elevation of the shoulder 
(Grandjean, 1985; Keyserling 1986; Ulin et. al., 
1990). Visual demands interact with workstation 
layout to determine the position of the neck and 
trunk. In order to properly position the eyes to 
see important task information, neck / t runk  pos- 
tures such as flexion, extension, a n d / o r  twisting 
may be required when viewing objects that are 
outside the workers normal line-of-sight (Kilbom 
et al., 1986; Hsaio and Keyserling, 1991). Hand 
tool design, particularly the location and orienta- 
tion of handles interact with the workstation lay- 
out to determine the posture of the shoulders 
and the upper extremities (Tichauer, 1978; Arm- 
strong, 1986; Ulin et al., 1990). The anthropomet- 
ric characteristics of the worker and individual 
work methods interact with all of the above fac- 
tors to determine the specific postures used to 
perform a job. 
Correction of awkward posture (and other oc- 
cupational ergonomic problems) requires an or- 
ganized, systematic approach. The U.S. Occupa- 
tional Safety and Health Administration (OSHA, 
1990) has recently issued guidelines that describe 
desired features in the organization and manage- 
ment of an ergonomics program. According to 
these guidelines, an ergonomics program should 
have the following components: 
- W o r k s i t e  analysis, including systematic job 
evaluations to evaluate worker exposures to 
ergonomic stress. 
- Hazard reduction, including an ongoing pro- 
cess for implementing engineering and admin- 
istrative controls to reduce or eliminate worker 
exposures to hazardous levels of ergonomic 
stress. 
- Medical management, including record keep- 
ing and early recognition and reporting of 
symptoms. 
- Training and education to assure that workers 
are sufficiently informed about the ergonomic 
hazards to which they are exposed. 
The OSHA guidelines also recognize manage- 
ment commitment and employee involvement as 
necessary attributes of an ergonomics program. 
In this paper we present the findings of a 
joint-labor management ergonomics program. Al- 
though this program was designed to address a 
broad spectrum of ergonomic stresses in the 
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workplace, we limit the presentation to issues 
related to awkward posture at the trunk, neck, 
and shoulders. 
Methods 
Objectives and study environment 
The findings reported herein were obtained as 
part of a 42-month longitudinal study undertaken 
in a large automotive corporation to evaluate the 
effectiveness of a joint union-management pro- 
gram in reducing employee exposure to er- 
gonomic risk factors. Data were collected from 
selected departments at four different work-sites 
in southeastern Michigan: an engine plant, a 
metal stamping plant, and two parts distribution 
warehouses (Silverstein et al., 1990). Overall 
management of the four-plant project was per- 
formed by two full-time administrators, one from 
the union and one from the company. Activities 
such as job evaluation to identify ergonomic 
stresses and the development of control programs 
to reduce stresses were performed by in-plant 
teams composed of hourly workers and manage- 
ment personnel who were familiar with the jobs. 
While day-to-day activities were generally per- 
formed within the organizational structure of each 
plant, regular meetings were held to bring repre- 
sentatives from all four sites together to discuss 
common problems and exchange ideas. 
All plant personnel participated in a one-week 
training program that included lectures on the 
fundamentals of ergonomics as well as practical 
exercises in using a checklist-based method of job 
analysis. Several representatives from each plant 
participated in three additional days of er- 
gonomic training to obtain additional experience 
in job analysis. Other  than the training provided 
in conjunction with the project, most participants 
had no formal training in ergonomics. 
Following training, a total of 335 jobs were 
analyzed using a series of checklists to identify 
ergonomic risk factors associated with awkward 
postures, elevated rates of energy expenditure, 
manual materials handling, and upper extremity 
exertions. The results of the checklist evaluations 
were used by plant personnel for several pur- 
poses, including establishing priorities for select- 
ing jobs for intervention programs to reduce er- 
gonomic risk factors. Detailed descriptions of the 
checklists as well as baseline (i.e., pre-interven- 
tion) results from the analysis of the 335 jobs are 
reported elsewhere (see Silverstein et al., 1990; 
Keyserling et al., in press; Keyserling et al., in 
review) and will not be presented here. This 
paper will focus instead on the effectiveness of 
interventions in reducing postural stress at the 
trunk, neck, and shoulders. 
Posture measurement techniques 
In order to measure pre-intervention postures 
and to evaluate the effectiveness of intervention 
activities in reducing postural stresses, 151 of the 
335 jobs were selected for in-depth longitudinal 
evaluation performed by an independent team of 
university-based research personnel. These 151 
jobs were not randomly chosen. Because it was 
expected that jobs with known ergonomic stresses 
were more likely to be changed than jobs with 
insignificant stresses, a criterion for selecting a 
job for the longitudinal study was that the job 
must have had at least one potentially hazardous 
ergonomic exposure based on the outcome of the 
checklist evaluations. Due to this selection crite- 
rion, jobs included in the longitudinal study would 
be expected to have somewhat more serious er- 
gonomic exposures than a randomly-chosen set of 
jobs. (Note: Jobs selected for the longitudinal 
study did not necessarily have excessive postural 
stresses. Other factors, such as the presence of 
heavy manual materials handling, high energy 
expenditure demands, a n d / o r  repetitive upper 
extremity motions were used to select the 151 
jobs.) 
To measure changes in postural risk factors 
over the course of the study, university personnel 
performed the independent evaluation on three 
occasions: 
(1) Round 1 (Baseline) - Following completion 
of the checklist analysis. 
(2) Round 2 - Approximately six months after 
Round 1. 
(3) Round 3 (Final) - Approximately six months 
after Round 2. 
Due to delays in completing baseline checklists in 
selected areas at two of the participating plants, 
only two rounds of independent posture analysis 
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i I i I 
I I 
TWIST ING 
FLEXION/EXTENSION BENDING L.,,, /
STANDARDTRUNKPOSTURES 
1 Stand - Extension (0,< -20 degrees) 6, Lie - On Back or Side 
2. Stand - Neutral 7 Sit- Neutral 
3 Stand - Mild Flexion (o.> 20 degrees) 8. Sit - Flexion 
4 Stand - Severe Flexion (or > 45 degrees) 9. Sit - BencflTwist 
5. Bend/Twist ( ~ or y> 20 degrees) 
FLEXION 
f 
/EXTENSION ~ ' ~  BENDING ~ 
STANDARD NECK POSTURES 
1 Extension (0t< -20 degrees) 
2 Neutral 
3 Mild Flexion ((7.> 20 degrees) 
4 Severe Flexion ((z > 45 degrees) 
5 Bend/Twist ( ~ or ~' > 20 degrees) 
TWISTING 
STANDARD SHOULDER POSTURES 
Neutral (e < 45 degrees) 
2. Mild Elevation (0 > 45 degrees) 
3 Severe Elevation (e > 45 degrees) 
Fig. 1. Standard postures of the trunk, neck, and shoulders used by university personnel in independent analyses of 151 jobs (from 
Keyserling, 1990). 
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could  be  p e r f o r m e d  on 39 of  the  151 jobs.  Fo r  
these  jobs,  the  R o u n d  2 observa t ions  were  used  
as the  ' f ina l '  results .  
Dur ing  each  round  of  analysis,  a v ideo t ape  was 
p r o d u c e d  of  the  worke r  pe r fo rming  the job. The  
v ideo t ape  was subsequen t ly  ana lyzed  using a 
c o m p u t e r - a i d e d  p o s t u r e  ana lys i s  t e c h n i q u e  
(Keyser l ing,  1990) to d e t e r m i n e  the amoun t  of  
t ime and  the p e r c e n t a g e  of  the  work  cycle that  
the  worke r  held  the  t runk,  neck, and  shou lders  in 
the  var ious  pos tu res  i l lus t ra ted  in f igure  1. In 
several  instances,  the  analysis  could  not  be  per-  
fo rmed  at one  of  the  jo ints  due  to p rob l ems  with 
the  v ideo t ape  ( typical ly the  jo in t  was obscu red  
f rom the  c a m e r a  by equ ipmen t  or  tool ing in the  
workplace) .  These  s i tua t ions  were  t r e a t ed  as 
missing da t a  and the  n u m b e r  of  jobs  in the  sam- 
ple  was reduced .  
Descr ip t ive  stat is t ics  (means ,  s t anda rd  devia-  
tions, min ima  and  maxima)  summar iz ing  pos tures  
of  the  t runk,  neck,  and  shoulders  were  c o m p u t e d  
for each round  of  analysis  using Mich igan  In ter -  
active D a t a  Analys is  System ( M I D A S )  sof tware  
(Fox and Gui re ,  1976) on an IBM Ser ies  9000 
ma in f r ame  compute r .  The  pa i r ed - t  test  (Sachs,  
1984) was used to c o m p a r e  wi th in- job pos tu re  
changes  be tween  the first and  final rounds  of  
i n d e p e n d e n t  analyses.  
Results 
B a s e l i n e  p o s t u r e s  
T r u n k  
Table  1 p re sen t s  the  resul ts  of  t runk  pos tu re  
analyses  for 149 jobs  at  R o u n d  1. (Note :  The  
t runk  was obscu red  on the v ideo t apes  of  two jobs,  
resul t ing  in a sl ightly r e d u c e d  sample  size.) The  
u p p e r  sect ion of  this tab le  shows the  pe r cen t age  
of  the  work  cycle spen t  in each  of  the  fol lowing 
pos tures :  
(1) S t a n d  - N e u t r a k  The  t runk  was ver t ical  or  
near ly  ver t ical  with l i t t le or  no twisting. 
(2) S t a n d  - M i l d  F l e x i o n :  The  t runk  was ben t  
fo rward  be tween  20 and 45 degrees  with l i t t le 
or  no twisting. 
(3) S t a n d  - S e v e r e  F l e x i o n :  The  t runk  was ben t  
fo rward  more  than  45 deg rees  with l i t t le  or  
no twisting. 
Table 1 
Results of Round 1 independent analyses of trunk posture 
(n = 149). 
Observed trunk postures 
Mean Std. Dev. Min. Max. 
Percent o f  cycle 
Stand - Neutral 75.8 23.7 0 100 
Stand - Mild Flexion 7.9 8.8 0 36 
Stand - Severe Flexion 6.4 12.4 0 80 
Stand - Twisted or Bent 5.4 8.2 0 37 
Sit - Neutral 2.9 15.1 0 100 
Sit - Flexion 0.5 3.4 (/ 35 
Sit - Twisted 1.0 8.6 0 80 
Other (lying down, etc.) 0./)4 0.42 0 5 
Duration (sec) 
Stand - Neutral 26.8 29.8 0.0 163.5 
Stand - Mild Flexion 2.4 3.4 0.0 27.7 
Stand - Severe Flexion 2.2 4.7 0.0 28.9 
Stand - Twisted or Bent 1.7 3.9 0.0 38.0 
Sit - Neutral 1.3 6.9 0.0 61.9 
Sit - Flexion 0.2 1.6 0.0 18.8 
Sit - Twisted 0.4 2.8 0.0 28.4 
Other (lying down, etc.) 0.1 0.54 0.0 6.2 
(4) S t a n d  - T w i s t e d  o r  B e n t :  Late ra l  bend ing  
a n d / o r  axial twist ing exceeded  20 degrees  
devia t ion  f rom the neutra l .  
(5) S i t  - N e u t r a l :  The  t runk  was ver t ical  or  near ly  
ver t ica l  with l i t t le or  no twisting. 
(6) S i t  - F l e x i o n :  The  t runk  was ben t  forward  at 
least  20 degrees  with l i t t le or  no twisting. 
(7) S i t  - T w i s t e d  o r  B e n t :  Late ra l  be nd ing  a n d / o r  
axial twist ing exceeded  20 degrees .  
(8) O t h e r  - Usual ly  assoc ia ted  with lying on the 
back  or  side. 
Fo r  the  149 base l ine  jobs,  workers  spen t  an aver- 
age of  approx ima te ly  21 pe rcen t  of  the  work  cycle 
in a non-neu t ra l  t runk  pos tu re  (i.e., any pos tu re  
o the r  than  ' S t and  - Neu t r a l '  or  'S i t  - Neut ra l ' ) .  
On  average,  approx ima te ly  e ight  pe rcen t  of  the  
cycle was spen t  s tanding  with the  t runk in mild  
flexion, six pe rcen t  of  the  cycle was spent  s tand-  
ing in severe  flexion, and  five pe rcen t  of  the  cycle 
was spen t  s tanding  with the  t runk  ben t  or  twisted.  
The  lower sect ion of  the  table  p resen t s  de-  
script ive stat ist ics on the du ra t ion  of  any pos tu re  
dur ing  a single work  cycle. On average,  the  dura-  
t ion of  non-neu t ra l  t runk  pos tures  was rela t ively 
short ,  indica t ing  tha t  most  jobs  did  not  r equ i re  
p ro longed  awkward  t runk pos tures .  P ro longed  
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awkward trunk postures (up to 38 seconds in a 
twisted, bent posture) were observed, however, 
on at least a few jobs (see 'maximum'  column). 
Exposures of this length could cause significant 
fatigue and may increase the risk of back injury. 
Table 2 presents the percentage of the work 
cycle spent in a non-neutral trunk posture, bro- 
ken down by quintile. Workers spent at least 20 
percent of the work cycle in a non-neutral trunk 
posture on 44 percent of the jobs in the Round 1 
data base of independent observations. 
Neck 
Table 3 presents the results of neck posture 
analyses for 110 jobs at Round 1 independent 
observations. (Note: The neck was obscured on 
the videotapes of 41 jobs, resulting in a reduced 
sample size.) The upper  section of this table 
shows the percentage of a work cycle spent in 
each of the following postures: 
(1) Extension: The neck was bent backwards 20 
or more degrees (relative to the trunk). 
(2) Neutrak The neck was in-line with the trunk 
or nearly in-line with little or no bending or 
twisting. 
(3) Mild Flexion: The neck was bent forward 
between 20 and 45 degrees (relative to the 
trunk) with little or no twisting. 
Table 2 
Results of Round 1 independent  posture analyses. Percentage 
of cycle time in non-neutral  posture by quintile. 
Quintile Number  of jobs 
(% of cycle in (% of jobs analyzed in category) 
non-neutral  Trunk Neck L.Shldr. R.Shldr. 
posture) 
< 20 83 30 86 65 
(56) (27) (60) (45) 
20-40 43 34 37 50 
(29) (31) (26) (35) 
40-60 11 26 13 22 
(7) (24) (9) (15) 
60-80 4 13 6 3 
(3) (12) (4) (2) 
> 80 8 7 2 5 
(5) (6) (1) (3) 
Total 149 110 144 145 
(100) (100) (100) (100) 
Table 3 
Results of Round 1 independent  analyses of neck posture 
(n = 110). 
Observed neck postures 
Mean Std. Dev. Min. Max. 
Percent of cycle 
Extension 1.9 4.9 0 25 
Neutral 62.6 25.5 2 100 
Mild Flexion 13.9 19.6 0 81 
Severe Flexion 0.6 3.5 0 30 
Twisted or Bent 21.0 20.1 0 86 
Duration (sec) 
Extension 0.9 2.1 0.0 10.3 
Neutral 24.4 48.5 0.6 411.0 
Mild Flexion 3.8 5.7 0.0 41.6 
Severe Flexion 0.2 0.9 0.0 6.8 
Twisted or Bent 4.4 6.1 0.0 39.9 
(4) Severe Flexion: The neck was bent forward 
more than 45 degrees (relative to the trunk) 
with little or no twisting. 
(5) Twisted or Bent: The neck was bent sideways 
or axially twisted more than 20 degrees rela- 
tive to the trunk. 
On average, workers spent about 37 percent of 
the work cycle in non-neutral neck postures. Ap- 
proximately 1 percent of the cycle was spent with 
the neck in extension, 14 percent in mild flexion, 
and 21 percent in a twisted or bent posture. Less 
than one percent of the work cycle was spent with 
the neck in severe flexion. 
The lower section of the table presents de- 
scriptive statistics on the duration of any neck 
posture during a single work cycle. On average, 
the duration of non-neutral neck postures was 
relatively short, indicating that most jobs did not 
require prolonged awkward postures. Prolonged 
awkward neck postures (up to approximately 40 
seconds in the mild flexion and twisted cate- 
gories) were observed, however, on at least a few 
jobs (see 'maximum'  column). Exposures of this 
length could cause significant fatigue and may 
increase the risk of neck or upper  extremity in- 
juries. 
Table 2 (presented earlier) gives the percent- 
age of the work cycle spent in a non-neutral neck 
posture, broken down by quintile. Workers spent 
at least 20 percent of the work cycle in a non- 
neutral neck posture on 73 percent of the jobs. 
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Table 4 
Results  of Round  1 independent  analyses of shoulder posture. 
Observed shoulder postures 
Mean Std. Dev. Min. Max. 
Percent of cycle 
Left shoulder (n = 144) 
Neutral  77.4 19.8 0 100 
Mild Elevation 20.7 17.9 0 100 
Severe Elevation 1.9 4.9 0 33 
Right shoulder  (n = 145) 
Neutral  73.4 20.5 0 100 
Mild Elevation 23.2 18.4 0 100 
Severe Elevation 2.7 6.1 0 39 
Duration (sec) 
Left shoulder (n = 144) 
Neutral  27.4 40.2 0 388.8 
Mild Elevation 5.4 8.6 0 73.2 
Severe Elevation 0.7 1.7 0 11.5 
Right shoulder (n = 145) 
Neutral  23.1 26.1 0 202.5 
Mild Elevation 5.0 6.6 0 53.1 
Severe Elevation 0.9 1.8 0 8.4 
percent of the cycle was spent with the shoulders 
in severe elevation. 
The lower section of the table presents de- 
scriptive statistics on the duration of any posture 
during a single work cycle. On average, the dura- 
tion of non-neutral shoulder postures was rela- 
tively short, indicating that most jobs did not 
require prolonged awkward postures. Prolonged 
mild elevation (up to approximately 73 seconds 
on the left side and 53 seconds on the right side) 
occurred on at least a few jobs (see 'maximum' 
column). Exposures of this length could cause 
significant fatigue and may increase the risk of 
shoulder or upper extremity injuries. 
Table 2 presents the percentage of the work 
cycle spent in non-neutral shoulder postures, bro- 
ken down by quintile, for the left and right shoul- 
ders. Workers spent at least 20 percent of the 
work cycle in a non-neutral left shoulder posture 
on 40 percent of the jobs and a non-neutral right 
shoulder posture on 55 percent of the jobs. 
Posture changes between baseline and final 
observations 
Shoulders 
Table 4 presents the results of Round 1 shoul- 
der posture analyses. Left shoulder analyses were 
performed on 144 jobs; right shoulder analyses 
were performed on 145 jobs. The upper section 
of this table shows the percentage of a work cycle 
spent in each of the following postures: 
(1) Neutral: The included angle between the 
trunk and upper arm was less than 45 de- 
grees. 
(2) Mild Elevation: The included angle between 
the trunk and upper arm was between 45 and 
90 degrees. 
(3) Severe Elevation: The included angle between 
the trunk and upper arm was greater than 90 
degrees. 
Similar postures were observed for the left and 
right shoulders. On average, workers spent ap- 
proximately one-fourth of the work cycle in non- 
neutral postures (23 percent on the left side, 27 
percent on the right side). Approximately 22 per- 
cent of the cycle was spent with the shoulders in 
mild elevation (21 percent on the left side, 23 
percent on the right side), and approximately 2 
To evaluate changes in postural risk factors, 
results from the final independent analysis were 
compared to results from the baseline analysis on 
a job-by-basis. Most jobs were evaluated on three 
occasions; for these jobs the Round 3 observation 
was used as the 'final' observation. For the 39 
jobs that underwent two rounds of independent 
analysis, the Round 2 results were used as final 
observations. Several additional jobs were lost to 
follow-up for one of the following reasons: (1) the 
job had been eliminated or substantially changed, 
therefore comparison was impossible or not 
meaningful, (2) the operator refused to partici- 
pate in video taping, (3) machines a n d / o r  lines 
were down for unexpected maintenance, or (4) 
technical problems with the videotape (e.g., ob- 
scured views at one or more joints). 
The analyses presented below consider all jobs 
with at least two rounds of independent observa- 
tions. Sample sizes are slightly lower than re- 
ported for the Round 1 results because of the 
jobs lost to follow-up. It is important to note that 
these analyses consider all jobs selected for the 
longitudinal study, including: (1) those jobs that 
were not changed during the study period and (2) 
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T a b l e  5 
C h a n g e s  in t r u n k  p o s t u r e  b e t w e e n  init ial  a n d  f inal  i n d e p e n -  
den t  eva lua t ions .  Resu l t s  o f  ' p a i r e d - t '  ana lyses  (n = 141). 
O b s e r v e d  t r u n k  p o s t u r e s  
Ini t ial  F ina l  Avg.  Sig. 
( m e a n )  ( m e a n )  c h a n g e  
Percent of o'cle 
S t a n d  - Neu t r a l  76.8 77.3 0.5 n.s. 
S t a n d  - Mild  Flexion 7.6 6.9 - 0 . 8  n.s. 
S t a n d  - Severe  Flexion 5.5 3.1 - 2 . 4  0.001 
S t a n d  - Twis t ed  or  Ben t  5.3 4.1 - 1.2 n.s. 
Sit - N e u t r a l  3.0 7.1 4.1 0.025 
Sit - Flexion 0.5 0.2 - 0.3 n.s. 
Sit - Twis t ed  1.1 1.2 0.1 n.s. 
O t h e r  ( lying down ,  etc.) 0.05 0.0 - 0 . 0 5  n.s. 
Duration (sec) 
S t a n d  - N e u t r a l  26.5 28.8 2.3 n.s. 
S t a n d  - Mild  Flexion 2.4 2.4 0.0 n.s. 
S t a n d  - Severe  Flexion 2.1 1.6 - 0 . 5  n.s. 
S t a n d  - Twis ted  o r  Ben t  1.7 1.3 - 0.4 n.s. 
Sit - N e u t r a l  1.4 4.5 3.2 0.06 
Sit - Flexion 0.18 0.26 - 0 . 1 6  n.s. 
Sit Twis ted  0.4 0.6 0.2 n.s. 
O t h e r  ( lying down ,  etc.)  0.07 0.0 - 0 . 0 7  n.s. 
crease in seated neutral postures (from 3.0 to 7.1 
percent of the work cycle) was significant (p  < 
0.05). In general, the percentage of the work 
cycle spent in non-neutral postures decreased 
between the initial and final observations. (The 
exception to this trend was the 'sit-twisted' pos- 
ture which showed a slight, but insignificant, in- 
crease.) The decrease in severe trunk flexion 
(from 5.5 to 3.1 percent of the work cycle) was 
also significant (p  < 0.001). This change was asso- 
ciated with interventions such as the installation 
of lift tables and elevated racks that eliminated 
the need to bend down to floor level. 
Similar results were obtained when consider- 
ing the duration of time spent in any posture (see 
the lower portion of table 5). In general, the 
duration increased for neutral postures and de- 
creased for non-neutral postures. (The exception 
to this trend was the 'sit-twisted' posture.) 
In summary, the independent evaluations 
found that trunk postures generally improved as a 
result of interventions that were implemented 
during the project period. 
those jobs that were changed for reasons other 
than postural stress. (Note: Other  ergonomic fac- 
tors such as forceful exertions during manual 
materials handling, repetitive motions, a n d / o r  
high metabolic rates may have been the primary 
motivation to change a job. Data  collected during 
the study did not allow us to identify those jobs 
that were modified only to resolve concerns for 
excessive postural stress.) 
Trunk 
The 'pai red- t '  test was used to compare 
within-job changes in work posture requirements 
that occurred between the baseline and final ob- 
servations. The results of analyses of trunk pos- 
tures are presented in table 5 for the 141 jobs 
that underwent at least two rounds of indepen- 
dent analyses. (Note: There are slight differences 
between the values given for the baseline round 
in table 5, and the values given in table 1. These 
differences are due to a slightly smaller data set 
in table 5 because of the jobs lost to follow-up.) 
The percentage of the work cycle spent in neutral 
postures (either standing or sitting) increased be- 
tween the initial and final observations. The in- 
Neck 
The results of the paired-t analyses of neck 
postures (n = 107) are presented in table 6. The 
percentage of the work cycle spent in mild flexion 
and severe flexion increased significantly between 
the initial and final observations (from 14.7 to 
T a b l e  6 
C h a n g e s  in neck  p o s t u r e  b e t w e e n  init ial  a n d  f inal  i n d e p e n -  
den t  eva lua t ions .  Resu l t s  o f  ' p a i r e d - t '  ana lyses  (n  = 107). 
O b s e r v e d  neck  p o s t u r e s  
Ini t ial  F ina l  Avg.  Sig. 
( m e a n )  ( m e a n )  c h a n g e  
Percent of cycle 
Extens ion  1.8 1.6 - 0.2 n.s. 
N e u t r a l  62.7 57.6 - 5.1 0.03 
Mi ld  Flexion 14.7 19.4 4.7 0.01 
Severe  Flexion 1.2 2.5 1.3 0.04 
Twis t ed  or  Ben t  19.5 18.9 - 0 . 6  n.s. 
Duration (sec) 
Extens ion  0.8 0.9 0.1 n.s. 
N e u t r a l  20.5 18.3 - 2.1 n.s. 
Mi ld  Flexion 4.5 5.2 0.7 n.s. 
Severe  Flexion 0.5 0.8 0.3 n.s. 
Twis t ed  or  Ben t  4.5 5.9 1.4 n.s. 
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Table 7 
Changes in shoulder posture between initial and final inde- 
pendent  evaluations. Results of 'paired-t '  analyses. 
Observed shoulder postures 
Initial Final Avg. Sig. 
(mean) (mean) change 
Percent of cycle 
Left shoulder (n = 139) 
Neutral  77.2 81.2 4.0 0.02 
Mild Elevation 20.8 17.1 - 3.7 0.02 
Severe Elevation 2.0 1.2 - 0.8 0.03 
Right shoulder (n = 141) 
Neutral  73.3 79.8 6.4 0.002 
Mild Elevation 23.1 18.3 - 4 . 8  0.01 
Severe Elevation 2.9 1.9 - 1.0 0.07 
Duration (sec) 
Left shoulder (n = 139) 
Neutral 27.0 31.0 4.0 n.s. 
Mild Elevation 5.4 4.2 - 1.2 0.08 
Severe Elevation 0.72 0.57 -0 .15  n.s. 
Right shoulder (n = 141) 
Neutral  21.6 24.6 3.0 0.07 
Mild Elevation 4.8 4.4 - 0.4 n.s. 
Severe Elevation 0.92 0.87 - 0.06 n.s. 
19.4 percent for mild flexion (p  < 0.01) and from 
1.2 to 2.5 percent for severe flexion (p  < 0.01). 
The percentage of the work cycle spent with the 
neck extended or twisted decreased, but the dif- 
ferences were not significant. The percentage of 
the work cycle with the neck in a neutral posture 
decreased significantly, from 63 percent to 58 
percent (p  < 0.05). Changes in the duration of 
time spent in any postures were small; no differ- 
ences were significant. See the lower portion of 
table 6 for additional information. 
In summary, neck postures did not improve as 
a result of interventions. It is possible that changes 
made to improve shoulder postures (e.g., lower- 
ing overhead reach requirements and reducing 
horizontal requirements, discussed below) may 
have required workers to look downward at a 
steeper angle, resulting in increased neck flexion. 
Shoulders 
The results of the shoulder postures are pre- 
sented in table 7. There were at least two rounds 
of independent analyses of left shoulder posture 
on 139 jobs, while 141 jobs underwent at least 
two rounds of analysis for the right shoulder. The 
percentage of the work cycle spent in neutral 
postures increased significantly between the ini- 
tial and final observations for both shoulders 
(from 77 to 82 percent on the left side (p  < 0.05) 
and from 73 to 80 percent on the right side 
(p  < 0.005). The percentage of the work cycle 
spent in non-neutral postures decreased between 
the initial and final observations. Decreases in 
mild and severe elevation were significant (p  < 
0.05) for the left shoulder. The decrease in mild 
elevation for the right shoulder was significant 
(p  < 0.01) while the decrease in severe elevation 
was only marginally significant (p  < 0.10). 
Similar results were obtained when consider- 
ing the duration of time spent in any posture. 
This time increased for neutral postures and de- 
creased for non-neutral postures. Only two differ- 
ences were significant (marginally); the time with 
the left shoulder in mild elevation decreased and 
the time with the right shoulder in a neutral 
posture increased. 
In summary, the independent evaluations 
found that shoulder postures improved as a result 
of interventions that were implemented to reduce 
or eliminate elevated a n d / o r  extended reaches. 
Discussion 
The results presented above show that trunk 
and shoulder postures generally improved as a 
result of ergonomic interventions implemented 
during the joint union-management ergonomics 
program. At the same time, however, neck pos- 
tures became more stressful. Additional insight to 
these and other findings is presented below. 
Improvements in trunk and shoulder postures 
The detailed independent analyses performed 
by the university investigators found that the in- 
plant ergonomic teams were generally effective in 
implementing changes to work station layout such 
as: 
(1) Installing lift tables and elevated racks to 
raise objects off the floor, thus reducing trunk 
flexion when reaching to low heights. 
(2) Eliminating or reducing horizontal obstruc- 
tions (e.g., moving guard rails, increasing toe 
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space, etc.), thus reducing trunk flexion 
a n d / o r  shoulder elevation when performing 
forward reaches and assembly tasks. 
(3) Eliminating or reducing overhead reaches by 
lowering the height of items such as storage 
shelves and overhead monorail conveyors, 
thus reducing shoulder elevation. 
The effectiveness of changes in work station lay- 
out can be demonstrated through the use of a 
case study. Appendix A presents 'pre-change' 
versus 'post-change' observations obtained by the 
university researchers to illustrate the effective- 
ness of ergonomic interventions in reducing pos- 
tural stresses on one of the study jobs. In this 
example, a number of work station layout changes 
were implemented to reduce postural stresses 
associated with a periodic maintenance activity 
on a wrapping machine. As a result of these 
changes neutral trunk postures increased from 13 
to 72 percent of the work cycle, neutral left 
shoulder postures increased from 31 to 88 per- 
cent, neutral right shoulder postures increased 
from 21 to 89 percent, while neutral neck pos- 
tures decreased from 75 to 58 percent (see table 
A.1). 
The case study presented in the Appendix was 
one of the more successful ergonomic interven- 
tions implemented during the study and should 
not be interpreted as a typical change. Most of 
the interventions produced more modest reduc- 
tions in postural stress. It is also noteworthy that 
only about 30 percent of the baseline jobs under- 
went any ergonomic modifications during the 
course of this study (Silverstein et al., 1990). 
(Furthermore, not all of these changes were moti- 
vated by the presence of awkward postures.) Had 
additional resources and time been available to 
modify a larger fraction of the jobs, it is likely 
that the improvements in trunk and shoulder 
postures presented in Tables 5 and 7 would have 
been more impressive. 
Increase in awkward neck posture between baseline 
and follow-up 
While trunk and shoulder postures improved 
as a result of interventions implemented between 
the baseline and final analyses, neck postures 
generally got worse with workers spending a sig- 
nificantly greater portion of work time with their 
necks in mild to severe flexion (see table 6). This 
finding was unexpected as we had anticipated 
observing reductions in postural stress at all of 
the studied joints. Because the study design did 
not facilitate scientifically-sound follow-up analy- 
ses to determine the causes of this paradoxical 
result, several explanations are proposed below. 
Anecdotal evidence suggests that members of 
the in-plant ergonomic teams were more con- 
cerned with trunk and shoulders postures than 
with neck postures. During interviews to deter- 
mine user acceptance of the checklists used in the 
initial screening of jobs (see 'Methods'  section), 
representatives from one of the four plants re- 
quested that the neck questions be removed from 
the checklist, because 'everybody uses awkward 
neck postures while performing their jobs'. This 
comment is at least partially supported by the 
study data. At baseline, workers maintained neu- 
tral trunk postures (standing and sitting, pooled) 
approximately 79 percent of the time (table 1) 
and neutral shoulder posture approximately 75 
percent of the time (table 4). Neutral neck pos- 
tures were less common; workers maintained 
neutral postures only 62 percent of the time 
(table 3). Because awkward neck postures were so 
prevalent at baseline, members of the in-plant 
teams may have been relatively insensitive to jobs 
with potential neck problems and less likely to 
instigate corrective actions. 
Training may have also influenced the behav- 
ior of the in-plant team members in responding 
to awkward neck postures. The one-week training 
program and three-day workshop placed high em- 
phasis on the prevention of back and upper ex- 
tremity disorders while giving neck disorders rela- 
tively minor coverage. The examples used in the 
training programs to illustrate ergonomic im- 
provements generally focused on modifying man- 
ual materials handling tasks to reduce the risk of 
back and shoulder injuries and modifying hand- 
intensive assembly jobs to reduce the risk of 
upper extremity cumulative trauma disorders. Al- 
though the role of awkward neck posture as an 
ergonomic risk factor was mentioned in training, 
it did not receive nearly the level of emphasis and 
reinforcement given to the other topics. As a 
result, members of the in-plant teams may have 
considered potential neck problems to be of lower 
priority than potential back or shoulder prob- 
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ferns. Additional studies are suggested to investi- 
gate the influence of training on how in-plant 
teams establish priorities for ergonomic interven- 
tions. 
Modifications to work station layout vs. other types 
of intervention 
Although the in-plant teams were successful in 
implementing changes to work station layout, 
there was relatively little success in implementing 
other types of changes. For example, alterations 
in the basic design of products and modifications 
to manufacturing processes for the purpose of 
reducing ergonomic stresses were difficult to im- 
plement and were rarely observed. In general, 
changes of these types have a longer lead time 
than layout changes and may not have been feasi- 
ble to implement during the limited duration of 
this study. Furthermore,  decision-making related 
to product design and manufacturing processes is 
frequently done by 'outsiders', i.e., individuals 
who do not reside in the plant (Joseph, 1986). To 
improve the ergonomic knowledge-base of corpo- 
rate managers and engineers responsible for 
product and process decisions, it is important for 
these individuals to become more directly in- 
volved in in-plant ergonomic activities. It is also 
important that in-plant committees report their 
activities to corporate decision makers on a regu- 
lar basis. 
Another  explanation for the predominance of 
work station layout changes in reducing postural 
stress was the relatively low cost of implementing 
these modifications. For example, empty pallets 
were stacked atop each other to raise objects off 
of the floor in order to reduce trunk flexion (a 
'zero' cost fix) or low-cost racks (typically two 
hundred dollars or less) were purchased to ac- 
complish the same objective. More sophisticated 
systems such as pneumatic or hydraulic lift tables 
were still relatively inexpensive (a few thousand 
dollars) to install. Other  changes (such as process 
and product modifications) were considerably 
more expensive, and usually required approval 
from persons outside the ergonomics committee. 
Conclusions 
This investigation found that joint in-plant la- 
bor-management ergonomic committees were 
generally successfully in identifying jobs that ex- 
posed workers to awkward trunk and shoulder 
postures and in developing and implementing 
work place modifications to reduce the time 
workers spend in awkward postures. These com- 
mittees were unsuccessful, however, in reducing 
the time spent in awkward neck postures. Almost 
all of the successful interventions were based on 
modifications to work station layout as opposed 
to changes in product design a n d / o r  manufactur- 
ing processes. 
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Work elements 
In the pre-change configuration, a typical roll 
change involved the following tasks: 
(1) Cut film, remove old roll from axle and carry 
it to storage location. 
(2) Walk to film storage pallet, open box contain- 
ing new roll. 
Appendix: A case study 
Job description 
This warehouse job involves using a special 
machine to wrap small, lightweight parts in an 
envelope formed from a roll of plastic film. When 
the roll of film is depleted or when a different 
width of film is required, the machine operator  
must perform a roll change. Depending on pro- 
duction requirements, the roll change activity is 
performed between two and six times per shift. 
Pre-change analysis 
Work station layout 
The pre-change location of the roll of plastic 
film on the wrapping machine was approximately 
38 cm above the floor as shown in figure A.1. 
This location required the worker to spend a 
significant amount of time with her back in a 
flexed posture when changing the film. See table 
A.1. Prior to the change, new rolls of plastic film 
were stored in boxes on pallets as shown in figure 
A.2. Note that the boxes at the bottom of the 
pallet were only 10 cm above the floor, requiring 
the worker to flex her back when obtaining or 
replacing rolls at this level. 
Table A.1 
Results of posture analyses on case study job. 
Observed postures 
Percent of cycle Time in posture 
(see.) 
Pre- Post- Pre- Post- 
change change change change 
Trunk 
Stand - Neutral 13 72 9.5 30.6 
Stand - Mild 
Flexion 0 23 0.0 8.4 
Stand - Severe 
Flexion 87 2 70.5 3.1 
Obscured view 0 3 0.0 7.0 
Neck 
Neutral 75 58 17.0 22.4 
Mild flexion 24 38 5.7 9.6 
Severe flexion 0 < 1 0.0 0.7 
Twisting 3 < 1 1.4 1.5 
Obscured view 0 3 0.0 7.0 
Left shoulder 
Neutral 31 88 10.9 113.0 
Mild elevation 68 10 23.8 16.0 
Severe elevation < 1 0 0.3 0.0 
Obscured view 0 3 0.0 6.8 
Right shoulder 
Neutral 21 89 10.7 46.6 
Mild elevation 79 8 51.8 4.6 
Severe elevation < 1 0 0.3 0.0 
Obscured view 0 3 0.0 6.9 
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Fig. A.3. Post-change location of film roll on V-Pack machine. 
(3) Remove new roll and place on floor. 
(4) Roll new roll to machine (distance up to 4.0 
meters). 
(5) Insert axle to new roll and lift assembly into 
machine. 
(6) Secure new roll in feed mechanism, and splice 
leader to remnant of old roll. 
A.I, fully 87 percent of the work cycle was per- 
formed with the back in severe flexion. In addi- 
tion, mild forward flexion of both shoulders was 
required when performing some of the low 
reaches. 
Ergonomic changes 
Three significant changes were implemented 
to reduce ergonomic stresses on this job: 
(1) The location of the film roll on the machine 
was raised from 38 cm to 79 cm. See fig. A.3. 
(2) The pallet used for storing film rolls was 
positioned on a 58 cm 'backsaver' rack. See 
figure A.4. 
(3) A lift cart was provided for raising, lowering, 
and transporting rolls. Not only did this elim- 
inate the need to stoop while rolling the roll 
from storage to the machine, it also elimin- 
ated the need to manually lift and lower a 
heavy (30 kg) load. See figure A.5. 
Post-change analysis 
Posture analysis 
Due to the low height of the machine and the 
low storage height of boxes on the pallet, the 
worker performed elements (1), (3), (4), (5), and 
(6) with her back bent forward. As shown in table 
Work station layout 
The need to reach to low locations was ame- 
liorated by raising the height of the film roll on 
the machine and placing storage pallets on racks. 
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Work elements 
In  t he  p o s t - c h a n g e  c o n f i g u r a t i o n ,  a typical  roll  
c h a n g e  invo lved  the  fo l lowing  tasks: 
(1) Cu t  fi lm, use  lift car t  to r e m o v e  o ld  rol l  and  
axle f r o m  m a c h i n e .  
(2) U s e  car t  to t r ans f e r  u s e d  rol l  to s t o r a g e  loca-  
t ion.  
(3) Push  car t  to  pa l l e t  ho ld ing  boxes  o f  n e w  rolls. 
(4) R e m o v e  n e w  roll  f r o m  box  and  p l ace  on  car t .  
(5) Push  ca r t  to w r a p p i n g  m a c h i n e .  
(6) In se r t  axle to n e w  roll,  use  car t  to l ower  
a s sembly  in to  m a c h i n e .  
(7) S e c u r e  n e w  roll  in f e e d  m e c h a n i s m ,  and  spl ice  
l e a d e r  to r e m n a n t  o f  o ld  roll.  
Posture analysis 
A s  a resu l t  o f  c h a n g e s  to w o r k  s t a t ion  l ayout  
and  e q u i p m e n t ,  it was no  l o n g e r  n e c e s s a r y  for  t he  
w o r k e r  to pos i t ion  h e r  t r u n k  in s e v e r e  f lexion.  
T h e  n e w  c o n f i g u r a t i o n  a l l owed  the  w o r k e r  to 
m a i n t a i n  a n e u t r a l  p o s t u r e  for  72 p e r c e n t  o f  t he  
w o r k  cycle.  Mi ld  t r u n k  f lexion was r e q u i r e d  dur -  
ing 23 p e r c e n t  o f  the  cycle and  a t w i s t e d / b e n t  
p o s t u r e  was  r e q u i r e d  for  only  2 p e r c e n t  o f  t he  
cycle.  S h o u l d e r  f lexion was  also r e d u c e d .  See  
t ab le  A.1 for  add i t i ona l  detai ls .  
Summary  
T h e  e r g o n o m i c  c h a n g e s  i m p l e m e n t e d  on  this 
j ob  subs tan t ia l ly  r e d u c e d  a w k w a r d  t runk  pos-  
tures .  T h e r e  was also a s l ight  r e d u c t i o n  in awk- 
w a r d  s h o u l d e r  p o s t u r e s  and  a s l ight  i nc r ea se  in 
a w k w a r d  n e c k  pos tu res .  
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